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DRAFT

MEMORANDUM OF UNDERSTANDING

For the implementation of a European Concerted Research Action designated as

COST Action TU0801

Semantic enrichment of 3D city models for sustainable urban development
The Parties to this “Memorandum of Understanding”, declaring their common intention to participate in the concerted Action referred to above and described in the “technical Annex to the Memorandum”, have reached the following understanding:

1. The Action will be carried out in accordance with the provisions of document COST 270/07 “Rules and Procedures for Implementing COST Actions”, or in any new document amending or replacing it, the contents of which the Parties are fully aware of.

2. The main objective of the Action is to semantically enrich 3D city models with urban knowledge and models, so as extending their functionality and usability in a perspective of sustainability.
3. The economic dimension of the activities carried out under the Action has been estimated, on the basis of information available during the planning of the Action, at Euro 11 million in 2007 prices.

4. The Memorandum of Understanding will take effect on being accepted by at least five Parties.

5. The Memorandum of Understanding will remain in force for a period of 4 years, calculated from the date of the first meeting of the Management Committee, unless the duration of the Action is modified according to the provisions of Chapter V of the document referred to in Point 1 above.

A. ABSTRACT AND KEYWORDS 
Many urban or environmental models are defined with the objective of helping practitioners and stakeholders in their decision-making processes. Models which represent in 3 dimensions the geometric elements of a city are called 3D city models. These models are increasingly used in different cities and countries for an intended wide range of applications beyond mere visualization. Such uses are made possible by adding semantics to the geometrical aspects, leading to semantically enriched 3D city models. Furthermore, in the perspective of a sustainable development, cities ought to be studied in a comprehensive manner taking into account many interrelations between various urban issues. This can be achieved by identifying and extracting the knowledge underlying in related data and models. Using ontologies is a robust way to achieve the semantic enrichment of 3D city models as well as their interoperability with other urban models, so that they become an effective matrix of urban knowledge in a perspective of sustainability. 

This Action will (1) create an integrative platform based on semantically enriched 3D city models, (2) use an ontology-based methodology that could be reused (3) assess the usability of the integrated platform for planning and decision-making.
Keywords: 3D city models, semantic enrichment, ontologies, interoperability
B. BACKGROUND 

B.1 General background
In 1987 the Brundtland Commission identified three fundamental components to sustainable development, namely environmental protection, economic growth and social equity. Since then a lot of conferences, works and reflections have been conducted on sustainability. Much of this focus has been on cities because by 2015 seventy three per cent of the world’s population is expected to be living in urban areas with 500,000 or more people. More recent studies envisage the city as a sustainable ecosystem where human needs have to be fulfilled while preserving the life support systems of the planet. What is common to these works is the recognition that complex interactions take place within cities and that a holistic approach is mandatory to deal with urban issues in a sustainable way. This implies new tools and methods from various disciplines, with the aim of better integrating pieces of knowledge and presenting results in a way that allows decision-makers to carry out the best choices among sets of objectives, and across issues and scales.

3D modelling at the scale of the city can be a point of convergence and an axis of integration of knowledge related to different urban or environmental issues. Unlike maps and drawings (traditional tools for specialists), 3D visualizations reflect a view of the environment that a lot of people are familiar with and act as a communication tool. Non geometrical data (such as social, historic or acoustic data or statistics, for example) can be associated to urban geometrical objects (such as buildings or streets) that can be represented and visualized in 3D, leading to a localisation as well as a better understanding of these data. By associating a domain (energy consumption, air quality, etc.) to these 3D city models, we obtain richer 3D representations that can be used for simulations and reasoning (visual reasoning). 

A 3D city model can be viewed as a digital mock-up representing the structure, in three dimensions, of a city. A large number of 3D city models have been recently created or are in the process of creation, in relation to the development of geographic information systems (GIS) as they are usually associated to GIS databases. If 3D modelling has traditionally focused on graphical representations, there is a trend towards more semantics. There is also a trend towards a standardization of 3D city models with CityGML. CityGML is an open data model, XML-based format, which is intended to become an open standard for 3D city models. But the semantic aspects of CityGML (and of current 3D city models) are limited. For example, the transportation feature of City GML consists in infrastructure aspects, such as roads, and in more advanced aspects, such as TransportationComplex associated to a function and a usage. These features, although useful, are insufficient to represent many transportation or mobility aspects. For example, a public transport system deals with items such as lines (which are different than roads), junctions or timetables. Soft mobility issues may need items such as green ways. A process of urban densification can lead to unexpected effects such as street canyons retaining pollutants. All these items are non-existent in CityGML. Therefore, there is a real need to enrich current 3D city models so they can effectively deal with urban issues. 

Using ontologies is a robust and effective way to add rich semantics to current 3D city models. An ontology is an abstract, simplified view of some domain that we wish to represent for some purpose. Among the applications of ontologies are the communication between people with different needs and viewpoints, and the interoperability between heterogeneous systems. An ontology defines semantics independently of data representation and can be seen as an "open world", on the contrary of a database: what has not been planned in the definition of a database is not possible unless modifying the structure of the database, which is usually not an easy task. Thus, an ontology is by nature scalable and reusable, on the contrary of a GIS schema. With an ontology-based approach, 3D city models can be semantically enriched by integrating data from various urban issues including any useful non geometrical data such as social, legal or economic data for example. Such an approach also enables interconnections with accurate urban models related to urban issues such as transportation, air quality or building energy consumption, making possible simulations and evaluation of scenarios possible with these models. Production rules can be added and, consequently, the possibility of reasoning. Thus, with an ontology-based enrichment process, current 3D city models will gain in value because their functionality and significance will increase. 

This Action will use an ontology-based approach to define an integrative platform based on semantically enriched 3D city models. This platform will be designed in order to support decision-making processes and sustainability assessment, based on analytical and exploratory indicators of urban development. Thus, the Action aims to add value to 3D city models by fostering their relevance for decision support.

There is a need to compile and enrich these 3D urban data at a European level as there are many works in progress at this level. So, this Action will benefit from the scientific and technical knowledge already developed in different European countries and cities. In spite of their interest in interoperability and for representing different viewpoints, ontologies are still under-investigated and under-used in the urban field. One main reason is that defining ontologies is essentially a multidisciplinary and complex task requiring not only a great knowledge of the field to be described but also a control of the structuring of the concepts using formal languages. Consequently, defining and using advanced urban ontologies implies a strong collaboration between, on one hand, actors from the urban field and, on the other hand, computer scientists from the knowledge representation field. COST, with its networking capabilities, offers an accurate framework to perform this multidisplinary approach. This Action will not develop or create a whole system but rather compile, support and complement ongoing initiatives. Furthermore, this Action will not focus on a specific urban or environmental issue that would be deeply studied but provide an integrated framework, usable as such by various urban actors and for various urban issues, and reusable for more further issues. That is while COST offers an accurate framework to lead these tasks at a European level.

B.2 Current state of knowledge
3D city models and CityGML
Current 3D city models are constructed from laser data (LIDAR), photos (terrestrial, satellite or aerial one like orthophotos), maps (cadastral, city, soil), archives (diachronic analysis of the urban fabric, areas to preserve or investigate) and databases containing location-based information. These data become more commonly available as well as realtime visualization possibilities with free and three-dimensional viewers such as Google Earth. So, there is a growing demand of 3D city models and many cities have been or are being modelled: in Europe (mainly in Western Europe) and all around the world. However the generation and the maintenance of 3D city models are costly. That is why there are currently many works in progress (EuroSDR, etc.) related to the automatic generation of 3D city models from multiple data sources. 

In order to improve the storage and exchange of 3D city models, CityGML has been defined by the members of the Special Interest Group 3D (SIG 3D) of the Initiative Geodata Infrastructure North-Rhine Westphalia (GDI NRW). Currently, CityGML has entered a standardization process by the Open Geospatial Consortium (OGC). CityGML aims to reach a common definition of the basic entities, attributes and relations of virtual 3D city models that can be shared over different application fields. The public targeted with such 3D city models is wide, including planners, designers, engineers, technicians, policy makers, authorities, decision-makers, inhabitants, investors or media. The intended use is also wide, covering urban planning and design, telecommunication planning, traffic regulation, disaster modelling, architecture, preservation of historical buildings, infrastructure and facility services, promotion of economic development, and homeland security or tourism. Indeed, by using 3D city models, it is possible to visualize what a city will look like after a proposed change, or predict and visualize which parts of a city will be affected by a flood as well as how severe the impact on the buildings will be. Moreover, such models can help localizing existing hidden structures, or underline heritage-rich areas.

As these applications do not need the same accuracy, different levels of detail (LoD), ranging from the sole digital terrain model to detailed indoor models, have been defined for both geometry and thematics. But, with the LoDs, the city is seen like a succession of predefined visual perceptions that cannot reflect the different viewpoints of the various actors and uses. 

To increase its scope, CityGML has been recently provided with an extension mechanism to augment the urban data with features from specific domain areas, such as noise mitigation. Although useful, this extension mechanism is limited and cannot support accurate models related to urban issues such as transportation, building energy consumption or pollutant propagation. Furthermore, if urban planning is currently one of the most important fields of application for 3D city models, the usability of these models for urban decision-making has not been really assessed and quantified.

Ontologies
An ontology represents the underlying knowledge of some domain that we wish to represent for some purpose, namely the objects, concepts and other entities that are assumed to exist and the relationships that hold among them. During the last years, several approaches and tools have been developed to do the concept extractions automatically or semi-automatically from relational database schemas. At the same time, several languages have been developed to formalize ontologies, those being based primarily on predicate logic, on frames or on descriptive logic. The most recent works concern the OWL language which is a recommendation of the consortium W3C within the framework of the "semantic Web". In the urban field, few works related to ontologies have been processed or are in process. 

The COST Action C21 Towntology has as main objective to increase and promote the use of ontologies in the view of facilitating the communications between information systems, stakeholders and urban civil engineering specialists at a European level. Within the framework of this action, several urban ontologies have been developed and catalogued. Two workshops have been organized and a book is in process, explaining how create and use ontologies in the urban field. This Action can be seen as a precursor by promoting the creation and use of ontologies in the urban field where most actors are unaware of the usefulness of such knowledge representation techniques or of the methodology for creating such structures. 

The project REWERSE, supported within the Sixth Framework Programme, also dealt with ontologies. As deliverable, an Ontology of Transportation Networks (OTN) was generated by making the concepts and structures which are implicitly contained in the Geographic Data Format (GDF) explicit as an OWL ontology. OTN is intended to provide a foundation for applications dealing mostly with the aspects of locomotion and transportation.

Innovation
This Action will merge two approaches for representing and consequently using 3D urban knowledge. The first one, based on 3D city models and CityGML, is mainly a vision-based approach while the second one, based on urban ontologies, is an approach by concepts. This merging requires a fully interdisciplinary cooperation between actors of different fields (geomatics, computer sciences, urban and environmental sciences) as well as interconnections of most recent technological developments from these fields, and will induce a substantial gain in value to 3D city models, all the more as it will be performed at the European level. 

B.3 Reasons for the Action
There is a lack of clear value and usability of current 3D city models, as well as large bodies of segmented 3D urban knowkedge disseminated in many European cities and countries. COST is an appropriate framework to compile, integrate and share all this knowledge and, consequently, to add value to emerging 3D city models. As CityGML has entered a standardization process by the OGC, the Action is not only global in scope but also just in time to foster the European leadership on those issues.

The COST Action lies at the hinge between technological development and socio-economic stakes of urban sustainable development. It relies on most recent technological development in 3D city modelling (geomatics), ontologies (computer sciences) and environmental modelling (environmental engineering and sciences) to foster a better societal relevance in supporting actual decision and assessment processes. Thus, the outcomes of the COST Action will also contribute to an effective development of urban data infrastructures, and facilitate the implementation of the INSPIRE programme at city level.

This Action will encourage European countries and cities to develop, to maintain and to use 3D city models with an improved return of investment, as their functionality will be augmented and their usability assessed relatively to sustainability. This Action will also provide a common basis on which further research related to sustainable development of cities can be proposed within other funding schemes.

B.4 Complementarity with other research programmes
This Action is complementary to other research projects, organizations or COST Actions related either to 3D urban data and models (CityGML, EuroSDR research projects), to urban ontologies (COST C21 Towntology) and interoperability, or to urban development issues. The Action aims to integrate the outcomes of these initiatives in order to maximize their benefits for the development of European cities. To that end, experts from those initiatives are invited to join the Action as delegates, working group members or experts. 

C. OBJECTIVES AND BENEFITS

C.1 Main/primary objectives
The main objective of the Action is to semantically enrich 3D city models with urban knowledge and models, so as extending their functionality and usability in a perspective of sustainability.

C.2 Secondary objectives
Secondary objectives are:

· To assess the usability of enriched 3D city models, relatively to various urban issues.

· To promote the creation and use of enriched 3D city models, especially for new Eastern EU members where such models can presently be hardly found.

· To provide a contribution towards European standards relative to 3D city models.

· To add value to current 3D city models through their ontological enrichment

· To provide a methodology for creating and maintaining enriched 3D city models.

· To improve the consistency of high-accuracy, domain-oriented detailed models with 3D city models, and ensure their interoperability with related, existing, description frameworks or experiments (HEREIN for instance). 

· To produce recommendations for future, funded research focused on more specific issues of urban modelling using simulation models.

· To develop a network of cities interested in 3D city models, not only in Europe but also in other parts of the world.

C.3 How will the objectives be achieved?
The objectives will be mainly achieved by setting up a strong cooperation between researchers from two fields, urban modelling on one hand and information systems on the other hand, in a common aim for sustainable development of cities. In addition, the role of testbed cities will be especially important to connect ontologically enriched 3D city models with the actual needs of urban development.

Bridges will be built between on one hand researchers and the other hand end-users (as defined in C5) to promote this new vision of enriched 3D city models. For this purpose, the final conference will be dedicated to the dissemination of Action outputs within this target community. The Actions website will also be an especially important asset to support results dissemination towards a wide audience of urban managers and developers. 3D animations and simulations will be used as a communication tool. 

Support will be sought from software developers and companies active in the field of GIS and geovisualization.

The direct participation of National and City Mapping Agencies representatives will also be sought, or links developed to these agencies, in order to foster the development of city-level spatial data infrastructure towards the third dimension (links to the INSPIRE and GMES programs for example).

C.4 Benefits of the Action
Expected benefices are:

· Improve return of investment in the 3D city models.

· Improve integration of the diverse aspects of city development projects.

· Improve decision processes on city management and development issues.

· Improve usability of standards and models.

C.5 Target groups/end users
At a time of rapid economic change where the capacity of European cities to control their development towards a more globally sustainable development is on going:

Municipalities and practitioners will be empowered in their ability to make more informed decisions, through both improved analytical capabilities by an extended range of development and sustainability indicators, and by improved exploratory interaction capabilities within virtual cities.

Political and administrative will also benefit from the result of the Action, as they will know in advance the expected profit induced by using such models.

The scientific community will benefit from the methodology developed for the identification of the underlying knowledge, its semantic integration and the interoperability aspects, as well as of the urban or environmental knowledge identified and formalized in the form of ontologies.

Designers, engineers, environmentalists or any actor of the urban field will benefit from the scalability of the method enabling them to investigate further issues or investigate deeply the retained issues. 

Data providers will also benefit from the result of the Action, as they need to understand the usability issues of what they provide.

D. SCIENTIFIC PROGRAMME

D.1 Scientific focus
Three main research tasks will be coordinated by the Action. 

The first one will consist in setting in prospect 3D city models with relevant urban issues that can take profit of 3D, such as: planning, mobility (accessibility of services, quality of service of e.g. public transport, traffic models), energy (renewable energy potentials in 3D city models with e.g. solar flux on rooftops and facades), air quality (street canyons models), noise propagation, GMES aspects like disaster management or emergency response, housing, cities as social spaces (e.g. looking at cellphone densities and movements), scale issues (e.g. with BIM component to complement city models towards the larger scale or higher level of detailed domains), time issues (do you intend to use the same models and visual means when recounting the evolution over long periods or when observing short-term changes), preservation or heritage issues, pedestrian navigation and how it interacts with space. The aim of this task is identifying the semantics to add to current 3D city models so as performing the previous tasks.

The second main task will be to perform the semantic enrichment of some case studies, chosen with special attention relatively to their scope. For example, Salzburg (which will be one case study) is available in MS VE 3D and has been selected by Autodesk for its Project Metropolis, serving as a testbed for integrative 3D online application scenarios and workflows. The enriched case studies will be used for the assessment process.

The third main task will be more dedicated to the integration and dissemination of the findings to the target audience, and more particularly to identify which support (report, book, 3D animation, etc.) is the more appropriate mean for which audience. 

D.2 Scientific work plan – methods and means
The scientific programme consists of following tasks :

Inventory
This task includes state of the art on current 3D city models, in the form of CityGML but also in other forms such as BIM (Building Information Models), the COST members" know-how on knowledge representation and the review of current urban ontologies.

Setting in prospect relevant urban issues with 3D city models and urban ontologies
This task includes the identification of the urban issues that will be treated by the Action. An analysis of current 3D city models will be done relatively to these urban issues so as identify data and knowledge (sociological, legal, historic, environmental, geographical, archaeological, etc.) missing in current 3D city models (which urban objects for which issues, which level of detail for which elements of the 3D city model, which paradigm for which diachronic reading, etc.). The ontologies reviewed will also be analysed so as identifying to which extend they can be reused. At this stage, the COST Action will envisage to propose extensions to current standards in order to take all necessary urban objects in account. In this sense, an extension of CityGML towards underground utility infrastructures is envisaged. 

Selection and analysis of environmental or urban models
The selection of some existing urban or environmental models to interconnect with the 3D city models will be done according to the EU legal framework, such as directives related to the urban or environmental field. These selected models will be analysed so as identifying their underlying knowledge. Derivation and presentation of relevant indicators of urban development will be examined, as a support for decision-making.

Case study selection
Cities with existing or on going 3D city models will be selected. These 3D city models will be analyzed according to criteria of semantic richness and of usability for decision support. Possible scenarios for further semantic enrichment and improved usability will be figured out. 

Semantic integration and interoperability 
The data and urban knowledge identified previously will be formalized and computerized in the form of ontologies. Knowledge representation techniques will be used for this task, leading to a methodology for the semantic integration of knowledge into 3D city models and for the semantic interoperability of 3D city models with urban models. This methodology will be implemented through the case studies that will thus be semantically enriched.

Information aggregation and presentation, usability assessment 
This task will be achieved through discussions with a representative panel of end-users, so as to quantify the gain in value in a perspective of sustainability.

Extendibility to non European case studies
This task will be achieved by comparison of the main differences between the case studies of the Action and case studies (cities with 3D city models) outside Europe so as providing guidelines for exporting enriched city models to rather different contexts.

Synthesis of the contributions and definition of future priorities
This task includes the production of contributions of different kinds (enriched 3D city models, urban ontologies, semantic integration and interoperability methodology, practical recommendations and guidelines, scientific articles), the synthesis of these contributions, and final definition of research priorities in the framework of the European Union.

Reporting, publication and dissemination
To ensure Europe-wide dissemination, the findings of the Action will be made available to other researchers working in the field (urban planning, environmental engineering, transport management), to various stakeholders (environmentalists, representative of the building industry), to local governmental agencies and to policy makers. Dissemination of information will be conducted through different channels (website, e-mail network, guidelines and recommendations, scientific articles, intermediate and final conferences, state of the art report, WG reports, final report as well as 3D animations and simulations).

E. ORGANISATION

E.1 Coordination and organisation 

The overall duration of the Action is four years.

The organisation of the work will be based on an average of two meetings per year. Except for the first and the last meeting (which will be dedicated only to plenary sessions and management committee meetings), each meeting will have a two and a half day duration allowing for plenary meetings, working groups meetings, and the management committee meeting.

Three working groups will be set up. The WGs will be complemented by a set of activities designed to engage a wider audience of European scientists. It allows the participation of Europeans in several conferences designed to present the work of the Action and stimulate further work on topics that will be identified by the WGs. The scope and scale of the WGs, STSMs and conferences are flexible and will be managed adaptively as the Action progresses. 

If required, external experts will be invited to some of the meetings to seek advice and/or enlarge the application basis of the Action.

The Action will actively trace and interact with related national and international research programmes, through the exchange of information, meetings, joint seminars or any other means. Intermediate and final conferences will be organised to bring together and disseminate the findings of the Action. Dissemination and reporting will be continuous throughout the period of the Action. The whole management and communication within the Action will be established by means of an integrated website. It will be the responsibility of a designated coordinator to implement the communication and dissemination tasks decided by the MC and particularly to ensure that all relevant information is put on the website and accessible to all partners. 

A STSM coordinator will also be designed, to ensure that the STSM capabilities will be used as well as possible for the young scientists involved in the Action.

E.2 Working Groups
Three working groups will be set up at the beginning of the Action. 

All working groups will analyze the same case studies and work on the main task, the creation of the integrative platform based on 3D urban models. Moreover, each working group will have a more specific contribution (see below). A WG chair will manage groups meetings, discussions and deliverables production. If WGs have specific tacks to fulfil, they are highly integrated. Therefore the COST Action will organise mainly joint meetings, to produce common deliverables and to share dissemination processes (taking advantage of experience of current Action C21).

Moreover, each working group will have a more specific contribution, as follows:

WG1 Identification and semantic analysis of issues and models

WG2 Semantic integration and interoperability

WG3 Information aggregation and presentation for decision processes

The main purpose of WG1 is to be an exchange and reflection platform about semantic and thematic 3D nature of urban space. Semantic and modelling issues will be identified and analyzed. This group will be composed of urban experts as urban planners, urban geographers, sociologists, environmentalists, and of researchers from the spatial information field. Main output will be a list of potential semantic enrichments of urban models and a list of potential new 3D urban objects.

WG2 will focus on integration and interoperability issues when combining semantic information and models with 3D city models. This group will be composed of researchers in information sciences and representation techniques. Main output will be recommendations for semantic information integration within 3D urban models. 

WG3 will address the stakes of information integration into decision processes to support urban development and sustainability. This implies a thorough understanding of those decision processes for a representative set of urban development and management processes, the identification of the users needs for related information and knowledge on the urban fabric, and the elicitation of possible analytical processes (modelling and computation of indices and indicators) and exploratory processes (3D visualization and interaction) to address them in a 3D environment. This group will be composed of members of WG1 and WG2, end-users of 3D city models and urban data producers and managers (e.g. from NMA). Main output will be a detailed users needs analysis and a usability assessment of WG1 and WG2 outputs.

Some case studies will be chosen and, according to the centers of interests, will be lead either in all working groups in joint meetings or in a special working group created ad hoc.

E.3 Liaison and interaction with other research programmes
The COST Action will actively trace and interact with related European or international research programmes as well as European organizations, through the exchange of information, invited speakers, or any other means. Some of the scientists involved in these organizations or research programmes also participate to this Action thus facilitating the interactions.

In Europe:

Links with research organizations, governmental agencies and projects related to the COST Actions issues and stakes will be systematically sought and established, through formal contacts, delegations to common bodies, or through the participation of common experts in the COST Actions MC or WGs. Organizations and projects to be considered are for example OGC (Open Geospatial Consortium) and its CityGML working group, universities and research labs federated through AGILE (Association of Geographic Information Laboratories in Europe), the EuroSDR organization (European Spatial Data Research, developing ties to universities and National Mapping Agencies), INSPIRE, GMES, etc.

EuroSDR is related to the impact of CityGML on the basic data and their infrastructures, and shows a great interest to this Action with many members participating in it.

Links with COST Actions TU0602 (Land Management for Urban Dynamics), C20 (Urban Knowledge Arena: Developing a European Arena for Cross-Boundary Cooperation in Production of Knowledge and Know-How on Complex Urban Problems) and C23 (Strategies for a low Carbon Urban Built Environment) will be set up prior defining the urban issues that will be studied in the COST Action. 

The interoperability issues and the ontologies creation will be treated by the COST Action in relation with InterOP-VLab and the COST Action C21 (Urban Ontologies for an Improved Communication in Urban Civil Engineering Projects: Towntology Project).

The COST Action ES0602 (Towards a European Network on Chemical Weather Forecasting and Information Systems) will be contacted for air quality models and data.

Outside Europe:

As 3D city models exist all around the world, the tools and knowledge developed within the COST Action should be used in cities in other parts of the world. As they are focused on European cities, links to related research programmes or organisations outside Europe will permit an evaluation of the results of the COST Action in other countries, so as providing guidelines for other kinds of cities. Thus the European knowledge, methodology and know-how developed within this Action will be exported to other parts of the world and contribute to the excellence of the European research.

In particular, links will be set with:

· The MIT in relation with the WikiCity project 

· nCUBUS, a network for China-UK Building and Urban Sustainability related to energy consumption in buildings 

· UNU/IAS, which aims at identifying strategic areas of research related to sustainable development, with a particular emphasis on the concerns and needs of developing countries 

E.4 Gender balance and involvement of early-stage researchers
The COST Action will involve equally participants from the two genders, the main contributor being a woman.

As far as possible and with equal qualification, the choice of young scientists that will be involved in the COST Action will be done according to the less represented gender.

If scientific excellence is mandatory for a successful academic career, it is not sufficient: an international scientific network, a strong visibility and mobility aspects are also essential. Thus, young scientists involved in the COST Action will not only be invited to actively participate to the WGs but also to do presentations within these WGs, especially when outside experts will be invited, to participate to the conferences organized by the COST Action or to other international conferences related to the COST Action, and to participate to STSM. A strong implication of young scientists will also benefit the COST Action as it will ensure a longer lasting impact of it. An experimented academic will be designed at the beginning of the COST Action as STSM coordinator. As most of the STSM will be multidisciplinary and as such aspects are not always well recognised in a curriculum related to a precise discipline, it will be important to ensure that young scientists will effectively take profit for their career of the STSM effected. So the STSM coordinator will also act as a mentor from which young scientists will receive advices relatively to their activity in the Action in the perspective of an academic career. A short meeting with the young scientists and the STSM coordinator will be planned at each session of the Action. The STSM coordinator will preferably be of the less represented gender.

F. TIMETABLE
The COST Action will be tailored according to a four years duration. 

Three phases will be set up:

Phase 1 (Year 1 12 months) 
WGs: Compilation and analysis of current 3D city models at the european level

WG2: Compilation ans analysis of current urban ontologies

WG1: Identification of relevant urban issues and of relevant urban models

WG2: Analysis of urban ontologies relatively to the issues selected and the knowledge previously identified so as defining to which extend they are appropriate 

WGs: Identification of relevant case studies (cities with 3D city models)

WG1+WG3: Identification of the panel of end users for the usability tests

WGs: Putting on perspective the urban issues with the selected 3D city models (case studies), the urban ontologies and the semantic enrichment needed

The first intermediate conference will present a critical analysis of current 3D city models (functionality and limits) and the semantic improvement needed relatively to major urban issues. This conference will hold at the beginning of year 2.

Phase 2 (Year 2 + Year 3 24 months) 
WG1: Precise definition of the knowledge to add

WG2: Formal specification of this knowledge in the form of urban ontologies

WG2: Enrichment of the case studies with the previously defined ontologies (integration+interoperability) relatively to the retained issues

WG3: Usability assessment tests of these enriched 3D city models, giving a feedback 
to the other groups (from the end of Year 2) so as doing possible required adjustments

The second intermediate conference will focus on the ontology aspects and the methodology defined by the WG2, and will hold at the end of year 3.

Phase 3 (Year 4 - 12 months) 
WGs: Comparative evaluation of case studies with non European cities so as providing recommendations to export such models in other parts of the world

WGs: Synthesis and dissemination of the results of the COST Action, finalisation of the expected outputs

WG2: Publication of the ontologies developed and specification of a methodology intended for scientists

WG1+WG3: Elaboration of recommendations and guidance for stakeholders

WGs:Elaboration of a strategy leading to recommendations for future, funded research focused on more specific issue(s)

 

The final conference will focus on the usability and gain in value of semantically enriched 3D city models and will hold at the end of year 4.
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G. ECONOMIC DIMENSION
The following COST countries have actively participated in the preparation of the COST Action or otherwise indicated their interest: AT, BE, FI, FR, DE, IT, NL, PL, SE, CH, GB. On the basis of national estimates, the economic dimension of the activities to be carried out under the Action has been estimated at 11 Million € for the total duration of the Action. This estimate is valid under the assumption that all the countries mentioned above but no other countries will participate in the COST Action. Any departure from this will change the total cost accordingly.

H. DISSEMINATION PLAN

H.1 Who?
A communication strategy for the COST Action will be developed at an early stage. As an outline it includes the following: 

Target audiences: 

1. Scientists participating in the COST Action. 

2. Urban geomatic services, NMA or modellers who will contribute with data or models and participate to the assessment process.

3. Urban planners, stakeholders or any end-user who require the findings and recommendations of the Action. 

4. Researchers involved in the field of the COST Action: 3D urban modelling, environmental engineering, information representation techniques.

5. Young researchers wanting to expand their knowledge and to establish the base of a scientific career. 

H.2 What? 
Tools that will be used to engage these audiences are: 

An e-mail announcement list for the Action (1, 2, 3, 4 & 5) 

A public website with general information of the Action (1, 2, 3, 4 & 5) 

A password protected wiki allowing the submission and retrieval of both the input data and the on going products for the usability assessment tests (aimed at 1 & 2 above) 

Conferences arising from the Action and proceedings of these conferences (1, 2, 3, 4 & 5) 

A STSMs coordinator and an e-mail network (5) 

Publications (state of the art report, case study report, recommendations, guidelines) (2 & 3)

Articles in peer-reviewed scientific and technical journals (4 & 5) 

Publications (methodology, ontologies in OWL) (3, 4 & 5) 

Users of the COST Action products will be required to acknowledge the Action in any peer-reviewed papers based on such knowledge. These contributions will be catalogued and will provide a quantifiable indicator of the Actions success.

H.3 How?
The COST Action will organise three conferences: the first one will be more related to setting in prospect current 3D city models with major urban issues so as identifying the semantic lacks of current models. The second conference will focus on these semantic aspects and on the most powerful way to perform the semantic enrichment of current models. The final conference will focus on the usability and gain in value of semantically enriched 3D city models in a sustainable perspective.

The last year and the final conference will be more particularly dedicated to the dissemination of the results among potential users. 

Dissemination methods will fully benefit from the immersive virtual reality systems available through the network of experts of this Action.

During the year 4, more attention will also be put on the relations with non-european organisations or research programs so as exporting the findings of the Action outside Europe.

The inclusion of the Action outcomes into the UNIGIS distance learning program is from now on intended. 

 

Part II – Additional Information 
A. LIST OF EXPERTS
Expert 1.

Prof. Andrew BALDWIN,Loughborough University (GB)
a.n.baldwin@lboro.ac.uk   contacted:Yes   possible mc:Yes
City:Loughborough   Telephone:+44 1509 222813
Department of Civil and Building Engineering Loughborough, Leicestershire, LE11 3TU, United Kingdom 

Expert 2.

Dr. Mireille BATTON-HUBERT,Ecole Nationale Supérieure des Mines de Saint-Etienne (FR)
batton@emse.fr   contacted:Yes   possible mc:Yes
City:Saint-Etienne   Telephone:+33 (0)4 77 42 00 93
Centre SITE "Sciences, Information et Technologies pour l"Environnement" Ecole Nationale Supériure des Mines de Saint-Etienne Address :158, cours Fauriel - 42023 Saint-Etienne Cedex 2 - France 

Expert 3.

Dr. Roland BILLEN,Université Liège(BE)
rbillen@ulg.ac.be   contacted:Yes   possible mc:Yes
City:Liege   Telephone:+32 4 3663637
B⴩ment B5, 17 Allée du 6 Aot B-4000 Liege Belgium

Expert 4.

Dr. Jean-Yves BLAISE,UMR CNRS / MCC 694 MAP (AT)
jyb@map.achi.fr   contacted:Yes   possible mc:Yes
City:Marseille   Telephone:+33 491 82 71 70
184 Avenue de Luminy, 13288 Marseille Cedex 09, France 

Expert 5.

Prof. Luca CANEPARO,Politecnico di Torino (IT)
luca.caneparo@polito.it   contacted:Yes   possible mc:Yes
City:Torino   Telephone:+ 39 011 1975 1801
Laboratorio di Alta Qualit࠭ Progetto Territoriale Integrato [High-Quality Laboratory Territorial-Integrated Project (LAQ-TIP)] c.so Calstelfidardo, 30/A, I-10129 Torino To, Italy 

Expert 6.

Prof. Anne-Françoise CUTTING-DECELLE,Ecole Centrale de Lille (FR)
afcd@ec-lille.fr   contacted:Yes   possible mc:Yes
City:Lille   Telephone:+33 320 67 60 57
Cite Scientifique, BP 48, 59651 VILLENEUVE D"ASCQ CEDEX, France 

Expert 7.

Prof. Andrew FRANK,Technical University of Vienna (TU Wien) (AT)
frank@geoinfo.tuwien.ac.at   contacted:Yes   possible mc:Yes
City:Vienna   Telephone: +43 1 588 01 12710
Geoinformation and Cartography E127 Address : Gusshausstrasse 27-29, A-1040 Wien Austria 

Expert 8.

Prof. Francois GOLAY,Ecole polytechnique fédérale de Lausanne (EPFL) (CH)
francois.golay@epfl.ch   contacted:Yes   possible mc:Yes
City:Lausanne   Telephone:+41 21 693 57 81 
GIS Research Laboratory Institute of Urban and Regional Planning & Design - Geomatics Address : EPFL ENAC INTER LASIG, B⴮ GC, St. 18, CH-1015 Lausanne, Switzerland 

Expert 9.

Ms. Karlheinz GUTJAHR,JOANNEUM RESEARCH ForschungsgesmbH (AT)
karlheinz.gutjahr@joanneum.at   contacted:Yes   possible mc:Yes
City:Graz   Telephone:+43 (316) 876 1718
Institute of Digital Image Processing Wastiangasse 6, 8010 Graz, Austria 

Expert 10.

Prof. Juha HYYPP䬆inish Geodetic Institute (FI)
juha.hyyppa@fgi.fi   contacted:Yes   possible mc:Yes
City:Masala   Telephone:+358-9-29555306
Geodeetinrinne 2, 02430 Masala, Finland

Expert 11.

Prof. Mike JACKSON,University of Nottingham (GB)
mike.jackson@nottingham.ac.uk   contacted:Yes   possible mc:Yes
City:Nottingham   Telephone:+44 (0)115 846 8130
Mike Jackson Centre for Geospatial Science Sir Clive Granger Building University Park Nottingham NG7 2RD, UK 

Expert 12.

Prof. Thomas KOLBE,Technical University Berlin (DE)
kolbe@igg.tu-berlin.de   contacted:Yes   possible mc:Yes
City:Berlin   Telephone:+49 (30) 314 23274
Institute for Geodesy and Geoinformation Science Straߥ des 17. Juni 135, 10623 Berlin, Germany

Expert 13.

Dr. Claudine METRAL,University of Geneva (AT)
claudine.metral@unige.ch   contacted:Yes   possible mc:Yes
City:Geneva   Telephone:+41 22 379 07 26
Department of Information Systems Site de Battelle, 7 route de Drize, CH-1227 Carouge/GE, Switzerland 

Expert 14.

Prof. Giovanni RABINO,Politecnico di Milano (IT)
giovanni.rabino@polimi.it   contacted:Yes   possible mc:Yes
City:Milan   Telephone: +39 02 2399 4102
Piazza Leonardo da Vinci 32, Milan I-20133, Italy

Expert 15.

Dr. Carsten ROENSDORF,Ordnance Survey (GB)
Carsten.Roensdorf@ordnancesurvey.co.uk   contacted:Yes   possible mc:Yes
City:Southampton   Telephone:08456 050505
Corporate Geospatial Information Management Romsey Road, Southampton, SO16 4GU

Expert 16.

Prof. Monika SESTER,Leibniz Universit䴠Hannover (DE)
monika.sester@ikg.uni-hannover.de   contacted:Yes   possible mc:Yes
City:Hannover   Telephone:0511 762 3588
Institut fr Kartographie und Geoinformatik (ikg) Address: Appelstrasse 9a, 30167 Hannover, Germany 

Expert 17.

Prof. Josef STROBL,Salzburg University (AT)
Josef.Strobl@sbg.ac.at   contacted:Yes   possible mc:Yes
City:Salzburg   Telephone:+43 662 8044 5203
Z_GIS Centre for GeoInformatics Salzburg University Address: Hellbrunnerstrasse 34, A-5020 Salzburg, Austria 

Expert 18.

Prof. Stefan WRONA,Warsaw University of Technology (PL)
wrona@arch.pw.edu.pl   contacted:Yes   possible mc:Yes
City:Warsaw   Telephone:+48 226211782
Center for Computer Aided Architectural Design Faculty of Architecture Koszykowa 55, 00-659 Warsaw, Poland 

Expert 19.

Dr. Sisi ZLATANOVA,University of Technology (NL)
s.zlatanova@otb.tudelft.nl   contacted:Yes   possible mc:Yes
City:Delft   Telephone:+31 152782714
GISt, OTB, Jaffalaan 9, 2628BX, Delft,The Netherlands 

Expert 20.

Prof. Anders ֓TMAN,University of G䶬e (SE)
Anders.Ostman@hig.se   contacted:Yes   possible mc:Yes
City:G䶬e   Telephone:+46 26 648436
Division of Geomatics SE-801 76 G䶬e, Sweden 

B. ADDITIONAL INFORMATION
Acronyms 
AGILE: Association of Geographic Information Laboratories for Europe
BIM: Building Information Model
CityGML: City Geography Markup Language 
EuroSDR: European Spatial Data Research
GDF: Geographic Data Format
GIS: Geographic Information System
GMES: Global Monitoring for Environment and Security
HEREIN: Réseau européen du patrimoine
INSPIRE: INfrastructure for SPatial InfoRmation in Europe
InterOP-VLab: European virtual laboratory for enterprise interoperability 
LIDAR: LIght Detection And Ranging
nCUBUS: network for China-UK Building and Urban Sustainability
NMA: National Mapping Agencies
OGC: Open Geospatial Consortium
OTN: Ontology of Transportation Network
OWL: Ontology Web Language
REWERSE: REasoning on the WEb with Rules and SEmantics 
UNIGIS: UNIversities co-operating in the design and delivery of distance learning in GIS 
UNU/IAS: United Nation University/Institute of Advanced Studies
W3C: World Wide Web Consortium
XML: eXtensible Markup Language

A. HISTORY OF THE PROPOSAL
The idea of semantic enrichment of 3D City Models came out several expert discussions. But the need of putting together people interested by semantic and ontological urban issues and people from the 3D urban modelling field became clear after the successful First International Workshop on Next Generation 3D City Models (May 2005, Bonn). Considering CityGML has been identified as a strong starting point for such integration and enrichment. Furthermore, these semantic and ontological issues are in perfect agreement with the objectives of the running COST Action C21 and will benefit from this Actions output. Many European cities (e.g. Geneva) are currently setting up 3D models, it is therefore crucial to help them assessing models usability and integrating semantic information 

B. PROPOSING TEAM AND RELEVANT PUBLICATIONS
The team behind this action proposal is led by following interdisciplinary scientists (urban planners, information scientists, engineers, geoscientists or architects) :

Claudine Metral is senior researcher and lecturer at the University of Geneva. After a PhD in the field of Artificial Intelligence she began working with architects and urbanists, both for teaching and research. Her research fields are the representation and integration of urban knowledge using ontologies and knowledge bases, the integration of 3D city models with other urban models, and the interoperability of information systems. Since 2006 she is co-leading a research project financed by the Swiss Confederation and part of the European COST Action "Towntology". She is also a Swiss delegate to this Action.

Metral C., Falquet, G. and Karatzas, K. (2007). Ontologies for the Integration of Air Quality Models and 3D City Models. In Proceedings of the workshop Ontologies for Urban Development: Conceptual Models for Practitioners, Turin, 17-18 October 2007 (forthcoming).

Metralal C., Falquet G. and Vonlanthen M. (2007). An Ontology-based System for Urban Planning Communication. In Studies in Computational Intelligence (SCI), 61, 61-72, Springer-Verlag, Berlin Heidelberg.

Grangel R., Metral C., Cutting-Decelle A.F., Bourey J.P. and Young R.I.M. (2007). Ontology Based Communications through Model Driven Tools: Feasibility of the MDA Approach in Urban Engineering Projects. In Studies in Computational Intelligence (SCI), 61, 181-196, Springer-Verlag, Berlin Heidelberg.

Falquet G. and Metral C. (2005). Integrating Urban Knowledge into 3D City Models. In Proceedings of the 1st International Workshop on Next Generation 3D City Models, Bonn, Germany, 21-22 June 2005. 

François Golay is a professor of Geographic Information Systems (GIS) with the Swiss Federal Institute of Technology. Trained as a surveying engineer, his research has for a long time been related to the improvement of information and decision processes for land and urban management. He also was head of the new interdisciplinary Institute of Urban and Regional Planning and Design of EPFL from 2001 to 2006. He was also a Swiss delegate to the COST Actions C4 and C9, and now chairman of the Action TU 0602.

Camacho-Hbner, E., and Golay, F. (2007). "Preliminary insights on continuity and evolution of concepts for the development of an urban morphological process ontology." Ontologies for Urban Development, J. Teller, J. Lee, and C. Roussey, eds., Springer, 95-107.

Ingensand, J., and Golay, F. (2007). "Evaluating collaborative Web-GIS." AGILE Conference, Aalborg, Danemark.

Carneiro, C., and Golay, F. (2007). "Un model urbain numérique... et puis ? Vers une étude d"utilité; Géocongrès Québec, Canada.

Golay, F., and G. Leclerc (2006). Dynamic Human-Computer Interaction (HCI) and GIS in the Design of Water Collection Systems and Other Land Use Related Issues. DMUCE-5: 5th Conference on Decision Making in Urban and Civil Engineering, Montréal. 

Desthieux, G. et al. (2006). ALBATROS D: a Systemic Method for Participatory Urban Diagnosis. DMUCE-5: 5th Conference on Decision Making in Urban and Civil Engineering, Montréal. 

Major, W., et F. Golay (2004). SIG, cognition et métiers. In SIRS, organisation et sociétés, S. Roche, et C. Caron éd., Hermès Paris. 

Roland Billen is associate professor at the University of Liege. He is a member of the Geomatics Unit where he teaches land surveying to geomaticians, geographers, archaeologists and architects. His research interests are in qualitative spatial reasoning and 3D urban GIS.

He is coordinator of several projects about 3D urban modelling and 3D urban spatial databases (notably, Exploring needs and applicability of a 3D urban land register information system RICS funding and Scientific follow-up of the project UrbIS 3D CIRB / Brussels centre for IT). He is Belgian delegate to the European COST Action "Towntology".

Laplanche F., teller J. & Billen R. (2008). Méthode de relevé rapide de scènes urbaines tridimensionnelles dans le cadre d’évaluations environnementales stratégiques, Revue Internationale de Géomatique

Chaidron C., Billen R & Teller J. (2007). Investigating a Bottom-up Approach for Extracting Ontologies from Urban Databases, In J. Teller, J. Lee & C. Roussey (Eds), Ontologies for Urban Development, Studies in Computational Intelligence, Volume 61/2007, Springer-Verlag, Berlin Heidelberg, pp. 131-141.

Saux E. & Billen R., Information géographique tridimensionnelle, Revue internationale de Géomatique Paris, 2006.

Billen R. & Clementini E. (2006). Projective relations in a 3D environment, In M. Raubal, H. Miller, A. Frank, and M. Goodchild, (Eds.) Geographic Information Science - Fourth International Conference, GIScience 2006, Mnster, Germany, September 2006, Lecture Notes in Computer Science 4197. Springer, Berlin, pp. 18-32. (impact factor: 0,402)

Drummond J., Billen R., Joao E. & Forrest D. (2006). Dynamic and Mobile GIS: Investigating Changes in Space and Time, Innovations in GIS series, Taylor & Francis.

Billen R. (2004). A projective approach to handle 3D spatial data, Proceedings of GIS Research UK 2004, university of East Anglia, Norwich, Angleterre, 28-30 avril 2004, pp. 237-240.

Billen R. & Zlatanova S. (2003). 3D spatial relationships model: a useful concept for 3D cadastre?, Computers, Environment and Urban Systems, 27, 411-425.

Andrew N. Baldwin is Professor of Construction Management in the Department of Civil and Building Industry at Loughborough University. He has extensive construction industry and academic experience. His research interests include business processes, decision analysis, design management, information management, and management information systems for the construction industry. He and is one of a number of academic staff at the Polytechnic University involved in research relating the issues relating to sustainability and design and construction for the urban environment. 

Recent publications include:

A Virtual Prototyping System for Simulating Construction Processes. Huang Ting, C W Kong, H L Guo, Andrew Baldwin and Heng Li. Automation in Construction (Volume 16 Issue 5 August 2007)

Reducing Waste in High Rise Residential Building by Information Modelling at the Design stage. Baldwin A.N., Shen L.Y., Poon C.S., Austin S.A., and Wong I. (Surveying and the built Environment, Vol 18(1), 51-62 June 2007 ISSN 1816-9554) 

Integration of Land Use and Railway Development: The Case of MTR in Hong Kong. Tang, B.S., Chiang, Y.H., Baldwin, A.N., and Yeung, C.W. Planning and Development: Journal of The Hong Kong Institute of Planners, Vol. 20, Issue No. 1, 2005, pp. 14-24.

Integration of Property and Railway Development: An Institutional Economics Analysis, Tang, B.S., Chiang, Y.H., Baldwin, A.N. and Yeung, C.W. The Hong Kong Institute of Surveyors Journal, Vol. 16, Issue 1, June 2005, pp. 23-40

Giovanni Rabino is professor of Urban and Environmental Systems Analysis at Polytechnic of Milan. After a PhD in the field of Mathematical, Physical and Natural Sciences, he began working with planners, urbanists and geographers, both for teaching and research and practical applications. His research fields are rigorous methods (from statistical techniques to models to knowledge engineering tools) in urban studies (conceptualization, theories, simulation). Namely, he is internationally esteemed for urban socio-economic modelling.

In his University, he is director of "Me.Mo.Lab (Laboratory of Methods and Models), a node of the European research network of excellence S4 (Spatial Simulation for Social Sciences). He takes part to the European COST Action "Towntology", also as an Italian delegate to this Action.

Rabino G., Caglioni M. (2007) Theoretical approach to urban ontology : contribution from urban system analysis, in Teller J., Lee J., Roussey C. (ed) Ontologies for Urban Development, Springer, ISBN : 978-3-540-71975-5, Berlin, 109-120. 

Rabino G. (2007) The great return of Large Scale Urban Models: Revival or "Renaissance"?, in Albeverio S.; Andrey D.; Giordano P.; Vancheri A. (Eds.) The Dynamics of Complex Urban Systems. An Interdisciplinary Approach. Springer, Berlin, ISBN 978-3-7908-1936-6, pag 201-216

Rabino G. (2007) Construire des scénarios de manière coopérative en planification et aménagement du territoire, in Batton-Hubert M., Joliveau T., Lardon S., (ed) SAGEO 2007, Rencontres internationales Géomatique et territoire, ISBN : 978-2-85710-078-2, pag 1-5

Occelli S., Rabino G.A. (2006) Cognitive modelling of urban complexity, in Portugali J. (ed.) Complex Artificial Environments, Springer Verlag, Berlino, ISBN-10 3-540-25917-1, pagg. 219-232

Caglioni M., Pelizzoni M., Rabino G.A. (2006) Urban Sprawl: A Case Study for Project Gigalopolis using SLEUTH Model, in El Yacoubi S., Chopard B., Bandini S. (eds.) Cellular Automata in Research and Industry 2006, Springer-Verlag, Berlino, ISBN-10 3-540-40929-7, pagg. 436-445

Jean-Yves Blaise is a senior researcher for the French body for scientific research (CNRS), and currently a member of the MAP research unit which focuses on IT-related issues in the field of the architectural and urban heritage. After graduating as an architect, he passed a PhD in Mathematics and Informatics. His research fields are knowledge representation applied to architectural modelling, information systems development applied to partial / uncertain data sets, integration of information visualisation approaches and graphic semiology to the 2D/3D representation of architectural and urban changes. Since 2005 he has focused on the development of the latter and introduced informative modelling, a methodology for studying and representing the architectural/urban heritage and its evolution where the representation of objects primarily supports information search and visualisation. He has launched and/or codirected six national or international research programmes on the above mentioned themes. 

Blaise, J.Y , Dudek, Dynamic Representations for Information Visualisation and Retrieval: a Case Study on Krak󷒳 Architectural Heritage Proceedings. ITI 2004, Cavtat, Croatia (Information Technoloy Interfaces), pp 335-346.

Blaise, J.Y , Dudek, I. Using abstraction levels in the visual exploitation of a knowledge acquisition process Proceedings I-Know 05, Graz, Austria, 29/06 01/07 2005, Journal of Universal Computer Science, pp 404-410.

Blaise, J.Y , Dudek, I. From artefact representation to information visualisation: genesis of informative modelling Proceedings SmartGraphics 2005, Munich, Germany, 22-24 August 2005 LNCS Volume 3638/2005, p 230-236.

Blaise, J.Y , Dudek, I. Informative modelling. In MiaJournal vol1s (online), 2007.

Blaise, J.Y , Dudek, I. Beyond graphics, information. An overview of infovis practices in the field of the architectural heritage. Proceedings Grapp/Visigrapp 2008 (forthcoming).
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